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KDUGPDUWHQVLWLF SKDVH UHVLVWV WKHZHDU DW WKH LQLWLDO VWDJH$W KLJKHU QRUPDO SUHVVXUHV DQG VOLGLQJ VSHHGV GXH WR
IULFWLRQDOKHDWLQJKDUGHQLQJWDNHVSODFHE\VWUXFWXUDOVWUDLQWUDQVIRUPDWLRQVOHDGLQJWRPLOGZHDU(IIHFWRIKDUGQHVV
GLVDSSHDUVGXHWRWHPSHUDWXUHULVHDQGPLFURVWUXFWXUDOFKDQJHV >1DP36XKHWDO@ :LWKIXUWKHULQFUHDVHLQ
WKHQRUPDOSUHVVXUHVXUIDFHPDUWHQVLWH ORVHV LWVDFLFXODUVWUXFWXUHDQGEHFRPHV ODWK W\SH WKDW UHGXFHVKDUGQHVV WR
VRPHH[WHQW DQGSURPRWHV WKHZHDU$OVR LW LV REVHUYHG WKDW DW KLJKHUQRUPDOSUHVVXUHVGXH WR WUDQVIRUPDWLRQRI
PDUWHQVLWHIHUULWHDQGFDUELGHVSUHFLSLWDWH'XULQJORQJHUVOLGLQJWLPHFDUELGHSDUWLFOHVVHSDUDWHIURPWKHPDWUL[RI




FRQGLWLRQ:LWK LQFUHDVH LQ WKH QRUPDO SUHVVXUH IULFWLRQDO IRUFH LQFUHDVHV GXH WR LQFUHDVH LQ WKH LQWLPDWH FRQWDFW




RI WKHVH VDPSOHV ZHUH LQYHVWLJDWHG DIWHU WKH KHDW WUHDWPHQW SURFHVV 6DPSOHV RI VL]H PP OHQJWKV DQG PP







ZHDU WHVW DW GLIIHUHQW VOLGLQJ VSHHGV DQG ORDGV DIWHU FOHDQLQJZLWK DFHWRQH'U\ VOLGLQJZHDU WHVWZDV FDUULHG RXW
XVLQJDKDUGHQHGFRXQWHUIDFHRIDSROLVKHGGLVNRI(1ZLWKDKDUGQHVVRI+5& DWDURRPWHPSHUDWXUHRI






%HIRUH WKHZHDU WHVW VDPSOHVZHUHSUHSDUHGE\SROLVKLQJ XVLQJSROLVKSDSHUVRI JUDGH  DQG WKHQZHW
SROLVKLQJZDV FDUULHG RXW XVLQJ ZHW DOXPLQD SDVWH RI VXEPLFURQ JUDGH 6SHFLPHQVZHUH HWFKHGZLWK 1LWDO
VROXWLRQ DQG DQDO\VHG XQGHU RSWLFDOPLFURVFRSH0LFUR KDUGQHVV RI WKHZHDU WHVWHG VDPSOHVZDVPHDVXUHG XVLQJ
NJ ORDG RQ9LFNHUV PDFKLQH 6XUIDFH URXJKQHVV RI WKH ZRUQ RXW SLQ VSHFLPHQ ZDV UHFRUGHG XVLQJ VXUIDFH
URXJKQHVVWHVWHURI0LWXWR\R3UHFLVLRQ6-
7DEOH &RPSRVLWLRQRISODLQFDUERQVWHHOV
&RPSRVLWLRQ *UDGH &  6L 0Q36
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7DEOH  2SHUDWLQJFRQGLWLRQV
6O1R 6SHHGPV 530 7LPHPLQ1RUPDOSUHVVXUH03D6OLGLQJGLVWDQFHPHWHUV
     
    
     
     
5HVXOWV DQG'LVFXVVLRQV
 (IIHFWRIQRUPDOSUHVVXUHDWFRQVWDQWVOLGLQJVSHHG RQ YROXPHWULF ZHDUUDWH DQGIULFWLRQDO IRUFH
)URP)LJD LWLVREVHUYHGWKDWWKHWUHQGIRUH[WUHPHO\ORZVOLGLQJ VSHHGRIPVDQGKLJKVOLGLQJVSHHGRIPV
LV DOPRVW VLPLODU $OVR WKH WUHQG RI PHGLXP VOLGLQJ VSHHGV RI PV DQG PV LV DOPRVW WKH VDPH 7KH WUHQG RI
H[WUHPH FRQGLWLRQV DQG PHGLXP FRQGLWLRQV DUH DOPRVW WKH UHYHUVH RI HDFK RWKHU )RU H[WUHPH FRQGLWLRQ WKH
YROXPHWULF ZHDU UDWH GHFUHDVHV LQFUHDVHV DQG ODWHU DJDLQ GHFUHDVHV ZLWK WKH LQFUHDVH LQ WKH QRUPDO SUHVVXUH
0DUWHQVLWHLVEULWWOHZLWKUHVLGXDO VWUHVV7KLV PD\EHGXHWRKDUGPDUWHQVLWLFSKDVHWKDWUHVLVWVWKHZHDUDW WKHLQLWLDO
VWDJH $VVHHQIURPWKH)LJE ZLWKLQFUHDVHVLQWKHQRUPDO SUHVVXUHIULFWLRQDO IRUFHLQFUHDVHVGXH WRLQFUHDVH LQWKH
LQWLPDWHFRQWDFWEHWZHHQWKHVOLGLQJVXUIDFHVZKHUHDVZLWKLQFUHDVHLQWKHVOLGLQJVSHHGIULFWLRQDOIRUFHIDOOVGRZQ
GXH WR UHGXFHG UHVLGHQWLDO WLPH EHWZHHQ WKH VOLGLQJ VXUIDFHV$W ORZ VOLGLQJ VSHHG RI PV ZLWK LQFUHDVH LQ WKH
QRUPDO SUHVVXUH WKH DVSHULWLHVZLOO QRW EUHDN HDVLO\ KHQFH YROXPHWULFZHDU UDWH GHFUHDVHV DV REVHUYHG LQ )LJD
:LWK LQFUHDVH LQ WKH QRUPDO SUHVVXUH VXUIDFH PDUWHQVLWH ORVHV LWV DFLFXODU VWUXFWXUH DQG EHFRPHV ODWK W\SH WKDW
UHGXFHVKDUGQHVV WR VRPHH[WHQW DQGSURPRWHV WKHZHDU DV VHHQ IURP)LJE:LWK IXUWKHU LQFUHDVH LQ WKH QRUPDO
SUHVVXUHWKHDVSHULWLHVZLOOEUHDNGXHWRWKH EXLOGXS RIFRQWDFWVWUHVVHV0DUWHQVLWHEHLQJEULWWOHLWVDVSHULWLHVDUHLQ






$W YHU\ KLJK QRUPDO SUHVVXUHV DQGRU VSHHGV IULFWLRQDO KHDWLQJ SURGXFHV DPRUH LQWHQVLYH IRUP RI KDUGHQLQJ
EDVHG RQ VWUXFWXUDO VWUDLQ WUDQVIRUPDWLRQV EULQJLQJ DERXW D VHYHUH ZHDU FRQGLWLRQ >3 / +XUULFNV @ $OVR







VXUIDFH URXJKQHVV DQG ORZ IULFWLRQDO WHPSHUDWXUH :LWK LQFUHDVLQJ QRUPDO SUHVVXUH WKH FRHIILFLHQW RI IULFWLRQ
UHGXFHVGXHWRORZVXUIDFHURXJKQHVVDQGLQFUHDVHLQWKHIULFWLRQDOWHPSHUDWXUH
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)LJ D(IIHFWRIQRUPDOZHDUSUHVVXUHRQ WKH YROXPHWULFZHDU UDWH E(IIHFW RIQRUPDOZHDUSUHVVXUHRQ WKH IULFWLRQDO IRUFH
)LJ 6KRZV6(0PLFURJUDSKV IRU DVOLGLQJVSHHGPV DQGORDG03D EVOLGLQJVSHHGPV DQGORDG03D
)LJ (IIHFWRIQRUPDO SUHVVXUHRQ FRHIILFLHQW RIIULFWLRQ DWFRQVWDQWVOLGLQJVSHHG
D E
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 (IIHFW RIVOLGLQJVSHHGDWFRQVWDQWQRUPDOSUHVVXUH RQYROXPHWULFZHDUUDWH DQGIULFWLRQDO IRUFH
)LJD VKRZVWKDWYROXPHWULFZHDUUDWHGHFUHDVHVZLWK LQFUHDVLQJVOLGLQJ VSHHG7KLVPD\EHGXHWRWKHIULFWLRQDO
WHPSHUDWXUHZKLFKFDXVHVWKHUHFU\VWDOOL]DWLRQRIEULWWOHZRUNKDUGHQHGOD\HUVDQGWKHUHIRUHLQKLELWVHYHUHVXUIDFH
VSDOOLQJ$W KLJK DW YHU\ KLJK ORDGV DQG RU VSHHGV IULFWLRQDO KHDWLQJ SURGXFHVPRUH LQWHQVLYH IRUP RI KDUGHQLQJ
EDVHG RQ VWUXFWXUDO VWUDLQ WUDQVIRUPDWLRQV EULQLQJ DERXW D PLOG ZHDU FRQGLWLRQ 7KH FKDQJHV LQ PHFKDQLFDO DQG
IULFWLRQDOSURSHUWLHVRIWKHVXUIDFHOD\HUSURGXFHGXHWRKHDWHYROXWLRQDUHGLIILFXOWWRFRQWUROWKHSURFHVVRI ZHDU >3




LQFUHDVHLQWKHIULFWLRQIRUFHFDXVHVIULFWLRQDOKHDWLQJE\VWUXFWXUDOWUDQVIRUPDWLRQVOHDGLQJWR PLOG ZHDU UHGXFLQJWKH
YROXPHWULFZHDUUDWH:LWKIXUWKHULQFUHDVHLQWKHVOLGLQJVSHHGIULFWLRQWHPSHUDWXUHLQFUHDVHVIXUWKHUVRIWHQLQJWKH
KDUGPDUWHQVLWLFSKDVH)LJE >3/+XUULFNV@
)LJ D (IIHFWRIVOLGLQJVSHHG RQ WKH YROXPHWULFZHDUUDWH E (IIHFWRIVOLGLQJVSHHG RQ WKH IULFWLRQDO IRUFH
$W VWLOO KLJKHU VOLGLQJ VSHHG WKH HIIHFW RI KLJK WHPSHUDWXUH OHDGV WR PDUWHQVLWLF SKDVH WUDQVIRUPDWLRQ LQWR
WHPSHUHG VWUXFWXUH IRUPLQJ IHUULWH DQGSUHFLSLWDWLQJ FDUELGHSDUWLFOHV7KLV UHVLVWV WKHZHDUKHQFH WKH YROXPHWULF
ZHDUUDWH GHFUHDVHVVORZO\DVVHHQIURP WKH)LJ D $VVHHQIURPWKH)LJE WKHYDOXHVRIIULFWLRQIRUFHGHFUHDVH
ZLWK LQFUHDVLQJ VOLGLQJ VSHHG IRU DOO WKH QRUPDO SUHVVXUHV :LWK LQFUHDVLQJ VOLGLQJ VSHHG WKH IULFWLRQDO IRUFH
GHFUHDVHVDORQJZLWKGHFUHDVHLQWKHUHVLGHQWLDOWLPHZKLFKUHVXOWVLQWKHUHVWULFWLRQRQJURZWKRIWKHPLFURZHOGV
$V WKHVSHHG LQFUHDVHV WKHVHDVSHULWLHVDUHEURNHQDQG WKHVXUIDFHURXJKQHVVYDOXHVDUHUHGXFHG7KLV UHGXFHV WKH
IULFWLRQIRUFHYDOXHVDOVR:LWKIXUWKHULQFUHDVHLQWKHVOLGLQJVSHHGIULFWLRQWHPSHUDWXUHVRIWHQVWKHKDUGPDUWHQVLWLF
SKDVH UHGXFLQJ WKH IULFWLRQ IRUFH $W KLJKHU VOLGLQJ VSHHG QXPEHU RI SDVVHV UHTXLUHG WR FDXVH YRLG QXFOHDWLRQ
GHFUHDVHV7KLVOHDGVWRUHGXFHGYROXPHWULFZHDU UDWH >&&9DLIDUDHWDO@
 (IIHFWRIVOLGLQJVSHHGDWFRQVWDQWQRUPDOSUHVVXUH RQ FRHIILFLHQWRIIULFWLRQ
$VVHHQIURPWKH)LJKLJKHUIULFWLRQFRHIILFLHQWSUHYDLOVDWWKH ORZVOLGLQJVSHHGFRQGLWLRQ,QFUHDVHGZHDUUDWH
LVREVHUYHGDWWKHVHYDOXHVRIIULFWLRQFRHIILFLHQWVEHFDXVHWKLFNHUZHDUSDUWLFOHVDUHIRUPHGDQGDOVRIDVWHUUDWHRI




469 D.G. Sondur et al.  /  Procedia Materials Science  5 ( 2014 )  464 – 471 
)LJ 6KRZVPLFURJUDSKVIRUDVOLGLQJVSHHGPVDQG ORDG03D E VOLGLQJVSHHGPVDQGORDG03D




)LJ 6(0PLFURJUDSKV LQ('6WHVWIRUVOLGLQJVSHHGDQGORDGD PV03DEPV03D
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7DEOH  ('6 5HVXOW RIVDPSOHQR IRU SKDVH DQGFKHPLFDOFRPSRVLWLRQ
6O1R /RFDWLRQ &RPSRVLWLRQ 3KDVH 2 0Q 6L )H
 3RLQW )H0Q6L2 0DUWHQVLWH    
 3RLQW )H0Q6L 0DUWHQVLWH    
)LJ ('65HVXOWIRU D 3RLQW E 3RLQW
,WLVREVHUYHGWKDWIRU VDPSOHQRDWORZHU QRUPDOSUHVVXUHDQGORZHU VOLGLQJVSHHG R[LGHV IRUPDWLRQLV DOPRVW
QHJOLJLEOH
(QHUJ\'LVSHUVLRQ7HVWFDUULHGRXWIRUWKHVDPSOHQR WHVWHGDWDVOLGLQJVSHHGRI  PV DQGORDGRI 03D
7DEOH  ('6 5HVXOWIRUSKDVHDQGFKHPLFDOFRPSRVLWLRQ
6O1R /RFDWLRQ &RPSRVLWLRQ 3KDVH 2 0Q 6L )H
 3RLQW )H0Q6L2 0DUWHQVLWH    
 3RLQW )H0Q6L 0DUWHQVLWH    
,WLVREVHUYHGWKDW IRU VDPSOHQR DWKLJKQRUPDOSUHVVXUHDQGKLJKHUVOLGLQJVSHHG WUDFHVRIR[LGHV DUH IRUPHG
)LJ ('65HVXOWV IRUD3RLQW E3RLQW
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 &RQFOXVLRQV
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